predict a zero FEV1 at very similar ages, which they do; 133 years for the whites and 138 for the blacks (P > 0.2). On the hypothesis that this age-tozero FEV1, rather than the age slope, is the more appropriate measure of respiratory health, we may conclude that the blacks and whites are very similar in health, whereas the two Staveley groups are obviously different.
A final example, from Tecumseh, Michigan, compares the two sexes (Higgins & Keller 1973) . Men (N= 1922 ) have a proportional regression line of FEVI/ht2 = 1.66-0.0118 age whereas for women (N = 2092) FEVI/ht2= 1.39-0.0093 age with both the intercept and age slope smaller ( Fig  Ic) . Yet here again the ratio of the two, the age-tozero FEV1, is very similar in the two groups, 141 and 150 years respectively (P> 0.05). Thus on the stated hypothesis, the health of the sexes is also similar.
Other sex and ethnic group comparisons described by Cole (1975) also tend to support the hypothesis. Thus the ratio of intercept to age slope can be thought of as a measure of the respiratory health of the population. Furthermore, the intercept alone is a good index of genetic lung size, its values for white males in the four groups in Fig 1 all lying between 1.64 and 1.67, with those for white women and black men appreciably less, around 1.4.
Thus the proportional regression equation is analytically more straightforward than multiple regression, and provides other advantages as well. In addition, everything here referred to the FEV1 may with equal justification be applied to the FVC. This of course provides a larger age-to-zero FVC, with a larger intercept than the FEV1 but a similar age slope. Dr T J Pedley asked whether the power of two for height had any functional interpretation, since metabolic requirements in a wide range of mammalian species were known to correlate with surface area, or length squared. Mr Cole replied that, in an allometric sense, ventilatory function corresponded to the fourth power, rather than the square, of height. The theoretical explanation for this was discussed in some detail by Cole (1975) . In reply to Dr J M Patrick, who wondered if the relationships for men and women worked for boys and girls, Mr Cole replied that the growth component in children provided larger correlations between FEV and height than that in adults, so that the corresponding power of height was also greater, about 2.7 rather than 2.
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When is a Lung Function Result Abnormal?
A result may be abnormal on account of technical imperfection in the measurement or of deviation from the chosen reference value. However, a departure from normal may be obscured by variability around the reference value or in the measurement, though the latter can be compensated for by studying groups of subjects. For individuals the detection of what may be a biologically important deviation from normal is often difficult, and requires either more sensitive techniques and reference values or acceptance of a material uncertainty in interpreting the results.
Technical abnormality may be due to the equipment not working properly, an instrument calibration being unsatisfactory or the subject not complying fully with instructions. In addition the recordings obtained during the measurement, also the intermediate and final results, should conform to criteria which can be defined. In the case of single-breath tests including the forced expiratory flow, the transfer factor and the closing volume, the criteria relate to the amplitude, rate and continuity of a respiratory excursion and the absence of undue perturbation, for example, by coughing, cardiogenic oscillations or, in the case of lung compliance, aesophageal contractions. Some criteria are reviewed elsewhere (MRC 1965 , National Heart and Lung Institute 1973 , Cotes 1975a ). In the case of progressive submaximal exercise the criteria relate to the intermediate results, including the ways of plotting the linear parts of the relationships of ventilation and cardiac frequency on uptake of oxygen and of minute volume on tidal volume. Some examples are given in Fig 1. Their occurrence should usually lead to the exercise being repeated but the result may often be salvaged by drawing a line through all the points and interpolating to a predetermined value of oxygen uptake and ventilation. Some details are given elsewhere (Cotes 1972) . As well as the intermediate values the final result may also be aberrant in relation to other information about the subject. However, at this stage in the processing of results the likelihood of technical error is small; a biological explanation is more probable. The reproducibility of tests of lung function has been studied extensively. Detels and his colleagues (1975) found the test-retest correlation for subjects studied on a population survey, and again in the laboratory, to be mostly similar as between a random sample of apparently healthy subjects and those with suspected abnormality. The correlations ranged from 0.9 for the ventilatory capacity to effectively zero for the closing volume with the airways resistance, forced midexpiratory flow and nitrogen index intermediate (Detels et al. 1975) . In children we have similarly observed coefficients of variation for measurements made six months apart of 4 % for the mean of three determinations of forced expiratory volume (FEV1), 11 % for single estimates of the transfer factor, 16 % for residual volume and 25 % for the ratio of the residual volume to the total lung capacity (Cotes et al. 1973) .
For the measurement of the FEV1, after two practice attempts, the technician is required to obtain the mean of three technically satisfactory results (MRC 1965) . In the event this usually entails making an intuitive decision whether or not the blows are sufficiently homogeneous to be acceptable; for a single blow the coefficient of variation is of the order of 3.4 % (Berry 1974), so that the consecutive results will usually lie within 7 % of each other and certainly within 10 %. In our laboratory the coefficients of variation for single determinations of the transfer factor, the transfer coefficient Kco and the expired ventilation and cardiac frequency are of the order of 4 %; from this figure estimates can also be made of the variability within sessions which is acceptable on technical grounds. The variability between sessions is influenced by the interval between them, and in the case of the mean of three determinations of FEV1 obtained one year apart is approximately 5 % (Berry 1974). The decline per annum is normally less than 1 %, so a process which increases the rate by half, while serious in the long term, cannot be detected in the short term except by a study of large numbers of subjects; in this example, to obtain an accurate estimate of the increase would require approximately 100 subjects studied over five years. Thus in clinical practice we are perhaps fortunate that so many of our patients exhibit relatively enormous changes in function; our tests are not sensitive enough to detect small changes in individuals except over long periods.
Compared with the interpretation of serial data the position is less favourable when measurements are available for only one occasion. The value for reference, instead of being the previous result for the subject in question, is the mean for a group of apparently healthy people whose characteristics are in other respects similar. Allowance is usually made for age, stature, sex and ethnic group; in the case of the indices of lung mechanics and the control of respiration, lung size is important, whilst for the transfer factor, the haemoglobin concentrations, oxygen tension and level of habitual activity during childhood should also be taken into account. However, after allowance for all these factors the range of variation in healthy subjects for most indices of lung function and response to exercise is still of the order of 15 %. In the case of the FEV1, where the standard deviation is 0.5 1, this implies that an observed result should be at least one litre below the reference value before it can be considered as probably reduced (P > 0.05). However, even this is questionable since the use of two or two-and-a-half standard deviations from the mean to indicate abnormality in an individual implies that he was selected at random from a population to whom the reference values relate, and this is seldom the case. The subject probably selected himself on account of symptoms. In addition the criterion does not identify the subject in whom the value has fallen from the upper end towards the lower end of the normal range. The range considered normal may be reduced by further research, and this will partly resolve the difficulty.
An alternative approach is to consider what change in lung function is meaningful in biological terms and how this can be identified. In the case of the FEVy the change might be that associated with an increase in breathlessness of one clinical grade. We have investigated this using an eight-point scale based on that of Fletcher, but extended to increase its relevance for disabled subjects; the average fall in FEV1 between grades is then on average 0.5 1 over the range from normality to total incapacity (Cotes 1975b). On this basis a decline in FEV1 of 0.5 1 constitutes a meaningful reduction. Similarly for the transfer factor the reduction due to smoking is of the order of 1.3 mmol min -1 kPa -1, and this might also be considered as a meaningful change. Both these values are very close to one standard deviation about the reference value, so that there is a case for using this interval as a guide to an abnormal result. By itself it is not conclusive, and it requires corroboration from other evidence because the findings for some 16% of healthy subjects fall below one standard deviation from the mean. However, this criterion increases the chances of detecting early abnormality and goes some way towards protecting those subjects whose lung function, whilst initially above average, is declining at an increased rate. Dr J M B Hughes suggested that when the transfer factor was measured this should normally be done in triplicate to reduce the measurement error but it should be replaced by the Kco for routine use as the latter involved one measurement less.
Dr Cotes replied that the reproducibility of the Kco (transfer factor per litre of alveolar volume) was almost exactly the same as for the transfer factor. This was due to its being negatively correlated with alveolar volume and not independent of it. In his view the transfer factor was the more meaningful index, except possibly in patients with emphysema. In answer to Dr K B Saunders, Dr Cotes said that the response to bronchodilators was a proportional and not an absolute one. In healthy subjects it was usually less than 10 % but with a wide range; in patients it often varied from one outpatient attendance to another. Professor C M Fletcher thought it a mistake to make a yes/no decision on whether or not a subject responded to bronchodilators, but Dr Saunders considered this a necessary preliminary to deciding whether or not bronchodilator drugs should be prescribed. Professor E J M Campbell said that the decision should rather be when not to prescribe them, as most patients benefited to some extent. 
Interpretation of Multivariate Data
In a short presentation it is possible to deal with only some of the techniques for the analysis of multivariate data: I shall consider discriminant functions and the problems of normal ranges involving two or more variables. It is not possible to discuss factor analysis, principal components or cluster analysis, which are all of potential use.
Discriminant analysis is applicable when it is desired to identify those attributes which best distinguish between populations whose separate existence is established on general objective grounds. The statistical theory of this technique depends heavily on the assumption of normal multivariate distribution for the variables. However, a good deal of empirical evidence now exists that discriminant functions can be very useful in identifying the main variables that distinguish between populations, if any such variables exist. It has also been found that in many examples the number of useful variables rarely exceeds four or five, and it is frequently less. It is suggested that this method, critically interpreted, is always worth trying in the attempt to identify major discriminating factors.
The problem of normal ranges is relatively straightforward (statistically) in the case of single variables. When two or more variables are involved there are frequently contradictions between the combined verdict of all the variables and that based on the evidence of each taken separately. The resolution of these contradictions is only in part statistical. The most useful approach is that discussed by Dr Cotes (p 166), in which the actual impairment of health or risk occurring at different combinations of the variables is determined.
Dr D Denison asked what was the procedure for deciding which of a group of intercorrelated measurements was likely to yield the most information. Dr Spicer replied that the discriminant function did precisely this, though occasionally difficulty arose because the procedure depended to some extent on the order in which the variables were presented. In answer to Professor E J M Campbell, Dr Spicer said that cluster analysis entailed obtaining an index of similarity between each pair of subjects; these were then sorted by the computer so that people with similar characteristics tended to come together. Difficulty arose in deciding what similarity index to use, what methods of sorting to use and how to separate the clusters. The technique could be applied to continuous functions but it was difficult to eliminate the subjective element in the method as no
